Abstract: This report attempts to draw out the main messages covered during a session on "Approaches to Resource Management for the Nexus" (International conference on Sustainability in the Water-Energy-Food Nexus. Synergies and Tradeoffs: Governance and Tools at various Scales held in Bonn, Germany, on 19th and 20th of May 2014). In this session, the audience was reminded of the importance to think about geography and topography to understand trade-offs in the WEF Nexus, and in particular to consider transboundary linkages across nations and ecosystems. Building on a large body of case studies, another presenter put forth the necessity to implement resource management across traditional (FAO) sectors (water, land use …) and along common guidelines. A framework was introduced to that effect. The remaining two speakers introduced new technical tools in resource allocation. Their common denominator is that they integrate models and model approaches of different disciplines.
Common guidelines for decision making, supported by agreed upon indicators could go a long way in doing so.
Integrative thinking also demands that we look beyond borders. Indeed, regionalism can be a barrier to NEXUS thinking, as the provision of ecosystem services and the realization of their benefits know no political boundaries, only natural ones. IN that context, the case for paying an increased attention to the (low-populated) mountain areas of the world as net service providers was raised.
Finally, integrative thinking needs to be supported by integrative technical tools. Two integrative modeling approaches and tools are. The first is a simulation model which optimizes across the "best" achievable trade-offs in resource allocation across competing uses, integrating a wide spectrum of objectives within a single model. The second model integrates biophysical crop modeling and economic modeling, re-allocating crop production across the world.
Summary
Mountain systems are playing a key role for the development of downstream agriculture, food security and energy generation. However, the presenter argued, their services and importance are poorly understood, calling for action on the side of the researchers. They are not enough recognized and integrated by stakeholders downstream, where much of the political and economic power is concentrated. For instance, 20% of the world population lives in South Asia, on 3% of the land surface, and depends entirely on the Himalaya region for its water supply, its ground water recharge and its weather patterns (4, 5 & 6) . Mountains being a global natural capital, it is a common interest and a shared responsibility to protect and sustainably manage the mountain ecosystems. Upstream-downstream, Inter-country coordination and basin-level approach is required to manage synergies and trade-offs in food, water, and energy nexus (4, 5) .
The Food and Agriculture Organization of the United Nations (FAO) considers the Millennium Development
Introduction
The resource allocation in the WEF nexus requires a large degree of integrative thinking. Yet, traditionally natural resource management decisions are taken within sectors. Thinking across sectors is a challenge, and implementing those decisions across sectors is even more difficult . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51 Goals (food, energy and water) in the nexus approach. Yet with a multiplication of nexus concepts in recent times, how can this integration of several sectors (water, land use, etc.) be implemented in practice? The FAO advocates tackling sustainability within the sectors (crop, livestock, forestry, fisheries, and aquaculture) and coordinating across sectors rather than forcing the integration of the different sectors in analysis. The Nexus Rapid Appraisal tool (NRA) was developed by the FAO in order to analyze a large pool of WEF nexus studies. The NRA is composed of a matrix, indicators and tools. The matrix provides a set of indicators to measure some important inter-linkages in the nexus as well as a set of tools to analyze them. It highlights the fact that implementing decisions in the nexus requires a clear understanding of the type and scale of data (and analysis), a streamlining of nexus-oriented scenario development (Models and accounting, future scenarios, stakeholders etc.), stakeholders dialogue (knowledge generation), and a clearly conceptualized set of drivers and response options.
A tool for decision-making in the WEF nexus was introduced, where trade-offs between resource use are taken into account. In this tool, multi-criteria search algorithms facilitate the construction and visualization of a set of (Pareto) optimal trade-offs between the different resource use decisions and benefits delivered under the nexus (e.g. water use for hydropower generation, expansion of irrigated land, aquaculture etc.). The set of trade-offs are "optimal" in the sense that each of these resources represent a situation where no single benefit in the nexus can be increased without decreasing one of the other benefits (pareto optimality). They are determined by a simulation model, where thousands of resource allocation decisions are depicted. The "optimal tradeoffs" are those outcomes forming the outer boundary of all possible outcomes. The trade-offs can be visualized for several (10 or more) objective functions (goals), thus considering the interests of a broad range of stakeholders in water resource management. The results can then be presented to decision makers in multidimensional visual analytic plots, representing the full range of best case options. The effective selection of a "best" solution out of a set of optimal trade-offs ultimately relies on the decision makers (and not the computers), based on their expertise and experience.
The notion of closing the yield gap (the difference between theoretically attainable and realized crop yields under local conditions) has long been discussed as one avenue to increase agricultural production. Here, a new approach of estimating global crop distribution and biomass production potentials is introduced. A high resolution bio physical crop growth model (PROMET) is coupled with an economic general equilibrium model (DART). This approach aims to tackle agricultural productivity from an agro-ecological representation of the yield gap, allowing crops to be spatially reallocated on existing cropland. The coupling of crop and general equilibrium models ensures an optimal redistribution of the crops, with an estimated theoretical benefit of closing the yield gap substantially and increasing current global production 1.5 to 2.6 folds (3, 7) . Crucially, this increase comes without the expansion of agriculture area, relying on the allocation of crops to most favorable conditions.
Key messages and recommendations of the session
In order to face the challenges of integrative thinking that the WEF nexus poses, new frameworks are required at the conceptual level and the analytical level and at the implementation level.
This was clearly demonstrated and exemplified in the presentation of the FAO Nexus Rapid Appraisal tool. The tool is not a revolution in terms of natural management decision frameworks, but outlines the information needs to integrate such frameworks across sectors.
The need to consider WEF resource allocations in an integrative system's perspective was highlighted with the discussion of mountain ecosystems, which provide key provisional downstream services. When the system's boundaries intersect political borders, the coordination of management decisions in the Nexus become prominent issues.
Finally, researchers are clearly pushing the boundaries in terms of integrative nexus thinking by developing new technical tools. New models, empirical and/or simulation based can help to better understand the impacts of resource use scenarios in the nexus and thus help humanity reach its needs in a time of increased pressure on the natural resource base. 
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